Introduction
Rheumatoid arthritis (RA), ankylosing spondylitis (AS), and systemic lupus erythematosus (SLE) are major autoimmune and rheumatic diseases. Patients with any of these chronic conditions need long-term medication(s) to control disease progression. Adherence, defined as the extent to which a patient correctly follows medical advice, also plays an important role. One of the main causes of persistent disease activity may be the lack of adherence to treatment, because "drugs don't work in patients who don't take them". [12] [13] [14] China's population is 1.375 billion, so there may be more than 10 million patients with one of these rheumatic diseases in China. Therefore, it is necessary to identify potential problems with treatment adherence in this population, and to determine the best approaches to resolve these problems.
The aims of this study of patients with rheumatic diseases in China were to determine the burden of rheumatic diseases and patient adherence to treatment; identify the detailed medication problems experienced by these patients; and analyze factors associated with adherence using a multifactor regression analysis.
Material and methods study design
This study was conducted at the Outpatient Clinic of Renji Hospital, Shanghai, China. The research protocol was approved by Shanghai Jiaotong University of Medicine, Renji Hospital Ethics Committee (approval no [2016] 216K). This center is one of the largest rheumatology centers in China, and the patients are from all over the country. All participating patients provided written informed consent and completed questionnaires which assessed adherence to treatment, health status, and disease burden.
recruitment and data collection
Outpatients using rheumatic drugs were considered for inclusion if they fulfilled the American College of Rheumatology 1987 or 2012 criteria for SLE, RA, or AS and visited the Outpatient Clinic of the South Campus of Renji Hospital in January or February of 2017. Patients were excluded if they were illiterate, had severe mental disorders, or had serious physical constraints. All others were included, regardless of demographics, disease characteristics, or treatment characteristics. Data were collected on demographic characteristics (age, sex, marital status, education level, employment, physical strength, monthly per capita income, and type of medical insurance), disease characteristics (diagnosis, duration, comorbidities, direct costs, indirect costs, and health status based on EuroQol five dimensions [EQ-5D] score), and treatment characteristics (types of pills prescribed daily, use of a glucocorticoid [GC] , use of disease modifying antirheumatic drugs [DMARDs] , use of non-steroidal antiinflammatory drugs [NSAIDs] , use of a biological DMARD, dosing frequency, side effects, Compliance Questionnaire for Rheumatology [CQR] score, use of tools such as medication reminders, and use of alternative medicines [traditional Chinese medicines, physical therapy, herbs, etc.]).
self-reported adherence
Adherence was assessed using two self-reported measures: the CQR and an interview-based self-report. The CQR consists of 19 statements concerning medication intake, in which the patient indicates the extent of agreement to each statement using a 4-point Likert scale. 15 Nonadherence was defined by a CQR score below 80%. 16 CQR only measures adherence indirectly, so an interview-based self-report was also given. During this 10 min interview, there were two direct questions about each prescribed medication: "Do you sometimes forget a dose?" and "Do you have any confusion about the medications you are taking?". More than one missed dose per month was defined as nonadherence. To analyze specific medication problems, we conducted further interviews, and then summarized these problems into four categories: error in directions; missing dose; unknown precautions; and adjust dosage or stop taking the medicine without doctor's directions. If the prescription for a drug, such as an NSAID, was "as needed" (p.r.n.), then the patient could not be classified as nonadherent for this drug.
Measurement of quality of life
The general health status of patients was evaluated using the Chinese version of the general population-based three-level EQ-5D-3L questionnaire. 17, 18 Each EQ-5D-3L health state was scored as 1 (no problems), 2 (some/moderate problems), or 3 (extreme problems) to indicate functional levels in five dimensions (mobility, self-care, usual activities, pain/ discomfort, and anxiety/depression). The "time-trade-off", a part of the EQ-5D-index, was also used to assess quality of life.
Disease burden
The 1-year data of participants who completed the protocol were analyzed, and the average total annual cost per patient was calculated. The direct costs consisted of outpatient 
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Adherence and disease burden of patients with rheumatic diseases expenses (laboratory tests, drugs, registered fees, etc., with data collected by invoice); hospitalization expenses (hospital admission fees, laboratory tests, drugs, devices, aids, etc., with data collected by invoice); and non-medical costs (fees for transportation to clinics, community services such as home care, and purchase of adaptive devices, with data collected from self-reports). The indirect costs, with data collected from self-reports, consisted of costs due to time incurred by patients and care givers and costs due to a patient's inability to work.
statistical analysis
Descriptive data are presented as means (±SD) or numbers (percentages), depending on the distribution of the measured variable. The effects of demographic characteristics, disease characteristics, and treatment characteristics on adherence (determined according to the interview-based self-report) were first assessed using a univariate analysis of group differences, with no correction for multiple testing (α =0.05). We used a chi-square test to evaluate the significance of differences in proportions, and an independent sample t-test to evaluate the significance of differences in means. Then, a backwards-stepwise multivariate analysis was performed to account for confounding. All variables that had P-values below 0.4 in the univariate analysis were entered into the multivariate model, in which adherence (assessed by the interview-based self-report) was the dependent variable. Data were analyzed using SPSS (version 21.0). All costs were converted into US$ from CNY at the exchange rate of 6.6423, the average in 2016 according to the National Bureau of Statistics.
Results
Demographic and clinical characteristics of the study population Analysis of disease characteristics shows that SLE (48.0%) was the most common of the three rheumatic 
Disease burden
Among all 252 patients, the annual direct cost per patient was 26,942 (±55,455) CNY (Table 2 ). These direct costs consisted of outpatient costs of 9,333 (±16,367) CNY, hospitalization costs of 14,711 (±52,205) CNY, and nonmedical costs (such as transportation to clinics and hotel expenses) of 2,898 (±8,351) CNY. The overall annual indirect cost per patient was 6,634 (±25,578) CNY. Separate analysis of RA, SLE, and AS patients indicated that SLE patients had the greatest economic burden (direct annual cost per patient: 33,899±73,278 CNY, indirect annual cost per patient: 8,993±28,139 CNY). Moreover, 4.84% of AS patients, 7.37% of SLE patients, and 16.9% of RA patients had total direct medical costs that were greater than their annual household incomes.
Adherence and quality of life
Analysis of treatment adherence, based on CQR results and personal interviews, indicated large variations among our patients (Table 3 ). More specifically, 48.4% patients overall had a good medication adherence, based on a CQR of 80% or more, and 41.7% of patients reported never having forgotten to take a medication, based on face-to-face interviews. Among patients who reported sometimes forgetting a dose (medication problem no 2), 17 cases were found difficult to be identified by CQR, "I was busy that time, so I missed the time to take the medicines. But I would remember to take 
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Adherence and disease burden of patients with rheumatic diseases my drugs when I went out" (questions 9 and 19 of CQR). Among all medication problems, missing a dose was the main problem (31.7%). We also found that SLE patients were more likely to stop taking a drug or adjust the dosage (mostly GCs) by themselves (medication problem no 4). RA patients had the lowest EQ-index (mean: 0.700), whereas AS patients had a mean EQ-index of 0.792, and SLE patients had a mean EQ-index of 0.780. Table 4 shows the results of a univariate analysis of the effects of different demographic and clinical characteristics on adherence. Among all 252 patients, employment, disease duration, comorbidities, use of a biological DMARD, drug side effects, CQR19 score, and use of tools such as reminders were associated with adherence (P,0.05 for all comparisons). Age, sex, marital status, type of medical insurance, comorbidities, and hospitalization were unrelated to adherence (P.0.05 for all comparisons). Analysis of SLE patients indicated that disease duration, comorbidities, drug side effects, and use of tools such as medication reminders were associated with adherence (P,0.05 for all comparisons). We also performed a separate analysis of SLE patients, because they accounted for 48% of all patients ( Table 6 ). The results indicate that use of tools such as reminders (OR =6.252, 95% CI: 2.530, 15.444, P,0.01) was associated with adherence (Table 6) . Moreover, having a heavyactivity job (OR =0.214, 95% CI: 0.060, 0.757, P,0.05) and use of alternative therapies (OR =0.265, 95% CI: 0.109, 0.645, P,0.01) were negatively associated with adherence (Table 6 ).
Univariate analysis of factors associated with adherence

Multivariable logistic regression analysis of factors associated with adherence
Discussion
To the best of our knowledge, this is the first study to examine the medication adherence and financial burden of patients with rheumatic diseases (AS, RA, and SLE) in China, and also the first to evaluate quality of life using the EQ-5D of patients with SLE and AS in China. We defined adherence as more than one missed dose per month, because CQR only provides an indirect measure of adherence. Among all 252 patients, 41.67% were adherent, and SLE patients had the best adherence (48.76%), followed by RA patients (38.57%), and AS patients (31.14%). The overall EQ-index of our patients was 0.761; AS patients had the best EQ-index (0.792), followed by SLE patients (0.780), and RA patients (0.700). Thus, although SLE patients had the best adherence, their health status still needs improvement. SLE patients also had greater direct costs than the other two groups (US$5,103.58 per year).
We found the overall mean CQR score was 75.8±11.6, below the cutoff of 80% used to indicate adherence. This also suggests that our rheumatic disease patients have poor adherence. Previous research indicated the worldwide adherence rate of SLE patients ranged from 3% to 76%. 19 Thus, the nonadherence rate in our SLE patients (51.24%) was lower than in many other parts of the world. Moreover, nonadherence can lead to increased disease activity and multiple organ involvement. 2, 3, 5, 19 In addition, we recruited a considerable number of SLE patients in this study, and identified predictors of nonadherence. Previous studies differed in their conclusions regarding the factors that are associated with nonadherence. Some researchers argued that barriers to adherence should be assessed on an individual basis, 16, 20 but others identified specific factors associated with adherence in patients with rheumatic diseases, such as education level, 
Disease characteristic
Disease duration, n (%) 
0.6880
Notes: *P,0.05; **P,0.01; ***P,0.001; adherence was defined as 0 or 1 missed doses per month during the 2-month study period. Abbreviations: AS, ankylosing spondylitis; CQR, Compliance Questionnaire for Rheumatology; DMARD, disease modifying antirheumatic drug; EQ-5D, EuroQol five dimensions; GC, glucocorticoid; NSAID, non-steroidal antiinflammatory drug; RA, rheumatoid arthritis; SIG, significance; SLE, systemic lupus erythematosus.
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Zhang et al marital status, language proficiency, race, comorbidities, high pharmacy costs, taking many pills, number of side effects, missing physician appointments, and quality of life. [21] [22] [23] [24] [25] Our results indicate that side effects and use of alternative medicines were associated with nonadherence in patients with rheumatic diseases, in agreement with previous studies. [25] [26] [27] Our conclusions were somewhat different from those of a previous study, 28 because we found that working, having a job with light-to-moderate physical intensity (assembly line work, installers, etc.) or heavy physical activity (steelmaking, agriculture, etc.) were associated with nonadherence. The reasons for these findings require further study. We also found that use of a medication reminder tool was associated with increased adherence, in agreement with previous studies. 29, 30 We found that many patients (71/88) reported they missed a dose because they were busy with something else, so reminders may improve adherence in these patients.
Long-term use of certain anti-rheumatic medications may adversely affect the quality of life. More specifically, previous research on Chinese patients with chronic diseases evaluated quality of life using the EQ-5D, and reported an EQ-index 0.79 to 0.94 for patients with diabetes, 0.78 to 0.93 for patients with hypertension, and 0.56 for patients with RA. 31 To the best of our knowledge, the present study is the first to evaluate quality of life using the EQ-5D in SLE and AS patients from China. We found that the EQ-index 
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Adherence and disease burden of patients with rheumatic diseases was best for AS patients (0.792), followed by SLE patients (0.780), and RA patients (0.700). Thus, the health status of RA outpatients in our clinic was better than the average previously reported in China. 31 Previous studies confirmed that caring for a patient with a chronic condition is a substantial financial burden for the patient and the family. [6] [7] [8] 11, [32] [33] [34] The direct annual costs for an SLE patient can reach up to €4,748 (US$5,037) in Europe, up to US$6,269 in the United States, and costs increase further in those with organ dysfunction (such as lupus nephritis), disease flares, high disease activity, and disease of long duration. 8, 12, 34 In our study, the annual direct costs of an SLE patient was 33,899.49±73,277.78 CNY (US$5,103±11,031), and, as indicated by the very large SD, there were large variations among patients, mostly due to differences in comorbidities. The differences of our results compared with those of previous studies might be due to differences in disease activity, duration of disease, and national consumption level. Moreover, we found that the direct costs of a nonadherent patient were less than those of an adherent patient, although the reasons for this finding are uncertain.
We also found differences in adherence from the CQR (48.1%) and the face-to-face interview (41.7%). Among patients who reported sometimes forgetting a dose, 17 cases were not identified by the CQR. This finding indicates that the CQR did not measure adherence directly, and could lead to false-positive responses. The interview-based self-report we used probably provides a more accurate measure of adherence. Actually, there is no gold standard for the assessment of treatment adherence, and many methods are used to measure adherence, including the CQR, Morisky medication adherence scale, refill data, medication adherence self-report inventory, pill counting, physician's evaluation, pharmacy refill data, pharmacokinetic markers, and patient interviews. [35] [36] [37] [38] [39] [40] [41] Our results suggest that interview-based self-reports provide a more accurate measure of adherence than the CQR score.
Limitations
There were some limitations in our work. First, there was a small number of patients, which was partly due to rarity of rheumatic diseases. Second, our patients may not be representative of Chinese patients in general. Further research on this topic should seek to enroll more patients. Nevertheless, our results demonstrate that numerous factors potentially affect drug adherence. More specifically, the use of reminder tools was associated with increased adherence. Thus, use of reminder tools (an alarm clock, mobile phone messages, notepad, SMS, etc.) may be a simple and inexpensive method to increase adherence. 
Conclusion
In summary, this was the first investigation to study treatment adherence, health status, and financial burden of patients with three types of rheumatic diseases (AS, RA, and SLE), and was also the first to evaluate treatment adherence of SLE and AS patients in China using the CQR. The overall proportion of adherence in our patients was 41.7%, lower than in many other geographic regions. Thus, it is important to identify approaches that improve the treatment adherence of Chinese patients with rheumatic diseases. Our results suggest that use of a reminder tool can improve adherence, but a future interventional study is needed to verify this hypothesis and to identify other measures which could improve adherence. Our results also suggest that it is necessary to further study the health status and disease burden of patients with SLE.
